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r(54) TiOe: MACHINE PART AND METHOD FOR MANUFACTURING SAME 

(54) fg^a)«^: mm&&isi:xs^(Dmi&y3^ 



n 



^ (57) Abstract: A machine part (1) made of steel has been subjected to a nitriding surface hardening process, and comprises a surface 
^ layer portion (2) whose surface hardness is heightened by the nitriding and an inner layer portion (3) which is not affected by the 

nitriding and has a generally uniform hardness. The Vickers hardness of the inner layer portion (3) is 190-260 HV, and the surface 
Tt" layer portion (2) has a Vickers hardness of 340-460 HV at the reference position which is 50 [im deep from the surface of the part. 

The surface layer portion (2) has an effective hardened layer depth from the part surface (4) of 0.3 nmi or more, at which the Vickers 
2? hardness is 270 HV. Thus, the machine part is excellent in the part strength and bend straightening property. A method for manufac- 

turing such a machine part is also disclosed. 

o iz^^mit\zxnm^tst)<^ibi^titzmmU2 ^<b<7>^g;b<&^•T?l^^^:L^i§-^®^$^•rl^gss3i:^^&•r 

O 4, ^LT. rtHgP3(7)e'>*-XSi*^ 1 90-260HV. SB$S2fZfcl>T. SBttSS)bN t>aS* 5 O // mlZ 
^ «J5LfcS^»iigT-<7)e*:/*— 3 4 0-4 6 OH V. $?>IC. X®$A<2 7 OHViS^LigStt 

Qmm4t^^(Dmmmtm^is^o. 3mm&L±t'ri>o zMz^i^j^ mitmm{zxmmmtmmi><tsiis*ii>m^m 
«t'ri>mm&aizt^i^x. sta^mtsj:zsmf}<^)mm^^ti,\z^*itzt(Dtri>zt^'ssnt^imusiPan 
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§p©i:fy;^7-;^®$;5Si 9 0~2 6 0HV. ^ ^iz^ ^ ^-:^m^i!)^ 2 7 0 HV 

X(Dmim^<D\f-y:ij-P.m^f)^3 4 0~4 6 OHV. ^^bO^#}iSjg^^T*V^;^iV^l^i& 
— ^S!^^^i-f^MgP<^lf S/;«7— ;:^«S!$;6Sl 9 0~2 6 OHV. $bfC, }f^y:if — 
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5t3:^;i5„ L:d>\^fj:i,ifh. ^^mm^hit. (oM^ ■ nm^n\^>m.M^mvfz. 
^mMmmiiLmtm^-t^) <^t*5/;i7— ;^5^$:6S3 4 o~4 e ohv, mt<Dmmt^ 

9o~2 6 0Hv. ^hK. ^y:fj-p^m^t^2 7 onvt^fi^mm 

mmcommt \^fcm^\^m^xh. m\:^m:ixi^^-^fL^mmn<Dm^mM':^fi^ 
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mmWa<D^umm:d^^(Dm^:^\^^(Dm^^:^^mjEift?)^tx\ mmn 
5„ ^^x. mm:^m±izis\,^xn. mmut:^j:?>m(Dmmim:^Mjt^-t^mx\ 
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q. ] Cr [eq. ]=0. 475XC+0. 164XSi+0. 241XM 
5 n + C r , mm^&C [eq. ] C [eq. ] =C + 0. 07XSi+0. 1 

6XMn + 0. 19XCU + 0. 17XNi+0. 2 X C r ir^^Lfci: -^tt 
^tlCT [eq. ] ;6S0. 7 2%Sl±l. OXSXT. C [eq. ] 0 . 6 5%&. 

H (x) H^IBH-x5pffi_h^^::j3V^•r. TIB5^® : 
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H'(x)=H'0+(H'l-H'0)x[l-erf(2^)] 
mU H'0=C[eq. ]X 254 + 33. 8 

H'l = CrCeq. ]X 392+65. 8 

Cr[eq. ] ityf^i^DA^S 

C[eq. ]:tutfi^^^4; 

D=Do Xexp (Rx7-M-273)) 
Do :1. 13X10~® 

Q:83x(l- T+273 ) XIOOO 
R:8. 314; 

a =exp(— 1. 47XSi-0. 918XMn + 0. 998) 

3^®t--C. ^tl^^tit^S. exio^ — isxio^.T^ 
500~650(Df5|S|(3:T^{b$-frf^<h^}C. H' (x);5S 
fiJlEH-x^®_biCTH' (0. 3X10"^) ^270<D 
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q . ] ^^ MMl%X\ Cr [eq. ] =o. 475XC+0. 164XSi+0. 
241XMn + Cr tmmi^fct^^ Cr [eq. ] flO. 72%SX±1. 0 %JBA 

l^&-^<mWimti:mXh?>o ^(O^^^J:MM^W-dCt [eq. ] Xi>^iK ^(D 
»s 0 . 7 2 %*?^ tti:^t. mMm^m bf::^^^^:*3V^T i^*fe$Pp°pO^M 

10 r [eq. ] <^)«S i . 0%^^;t5^. ^<b^SB#iCii£rjc:^®$P}aSSI-fb LT b 

^*^§Piaom*tT'fe6#il;i*3tt§i^m^«C [eq. ] C 
[eq.]=C + 0. 07XSi+0. 16XMn + 0. 19XCu + 0. 17X 
15 Ni+0. 2XC r <b^^bfci:#. C [eq. ] 0 . 6 5%i^_b0. 86%&, 
T^$ttS„ iOC [eq. ] l^ii^T<^^$^^^6^tCi^466mfife^5^(??m 

^^^mMti:miiC. Cr, Cu, Ni, Mn, S i X'h^ :i tii^^ib^^tio ^fz. 

20 J:5jfc:E5fe^t>oC [eq. ] XHh^f}^. ^(Dmt^O. Q^%^mtfi^b. mwL 

C [eq. '\(Dm.i)^0. 8 6%%^^5i:, F^Sg|J<^^S ^ , ^(751^ 
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H'(x)=H'0+(H'l-H'0)x [l-erf(^;^g0] 
{i-U H'0=C[eq. ]X 254+33. 8 

H'l=Cr[eq. ]X 392+65. 8 

Cr[eq. ] : HulBi^^n^^i 

CCeq. ]:Bfjte^^^*; 

D=Do Xexp(Rx(']?+273)) 
Do :1. 13X10~® 

Q:83x(^l- j+273 ) XIOOO 
R:8. 314; 

> 

a=exp(-l. 47XSi-0. 918XMn+0. 998) 
Si:SiO-^W^(MS:o/o) 
Mn:Mn<D^^^(fiSo/o) ; 

^®tCT. ^n^^tit^s, exio^-^-isxio^.T^ 

500~650C>t5H(CT^{t:$itfc^^{C. H' (x);as 
HrjieH-x¥®-bt;iTH' (0. 3X10"^)^270O 
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C(x)=CO+(Cl-CO)X [i-erf^^)] 

c (0) ^m~^(omm^^mmi,^^ummic^^-r^tvx. mmcit^ 

tl.Sm-a^JCfcntS. gP^tSM (x = 0) J5^b?^$;^f^x{^fp]^tT(^^*^^(75i£ft 

^^^H' (x) izm^mK.^^ ^LT. iS:®(C*5{t§C0^, ^TOo^pOI^MSPT' 
<^fil^i:<^^i-S. H' OSrH' 0 = C [eq. ] X 2 5 4 + 3 3. 8 t 

u H' of±c [eq. ] 1 1 hi^m^m^^mi^m<s< mm^fm^um-T^. 

mmnsh(D^:^\cmm(Dm^ummxtfj:v^<Dx\ w i^mmush<Dm 
m^mm&mx(Dm:^^7^-tm^x^m't^o ^e>jc, h' i^h' i=cr c© 

q. ] X 3 9 2 + 6 5. 8 i: U H' 1 C r [eq. ] t t i^izm^m^'^Mi^ 
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0. mmt^^^l-^-Q^ Imo l(D^P^^mR^^XJ^mG:UmTi^X^ D = DO 
Xexp (-Q/ (RX (T+2 7 3) ) ) tm^^tl^, *lg5g^^:*3V^Ttt. mm 

±t^n^(ox\ ummmn^s:, e^^kNff^^nytmti.x^mi-^m'^tiR 
^bfco Mi^mfmmti.xn. :xm mn3}^^my'-i^-:f^y^ (%m) p2 
1) ^c:^o^ts. oc-s-f e^^Ntimm7hmt]^xmm-t^m^<Dm^m\^\ m 

W}m^r)0=l. 13X10 -\ Q=83X (1-14. 03/(T+27 
3) ) XIOOO^U. ^fc. RcDmnS. 3 14<b$tL5o 

4?)(D|ijEj£tS:^|^T-$)5„ ^rT% lijEtet!c#|^ a a = exp (-1. 47 
XSi-0. 9 18XMn + 0. 9 9 8 ) i: Lfc„ ^ OMJEfeffc^^ a fi, i^JC 
^W^tbSF ee;:$1^(^^^7c^:6SN(Dfet!i:le:25.f^i-^^Sr. H' (x) J^^»95itf> 

N(Z)4£®:SrffllftiJ-r5^5^7C^T'$>S^<bT'fe6o o*^). S i *3 J;tJ«Mn <;?-^« 

o(7)m^^=?^<b $tt^„ a (T^^H^SrO. 3~i. 6 (D|5IS ,b ^'j:^ J; 

H' (x) ^c*5V^T^ t fi^'fb^O;S<^^SB#FHl,ti-^i: ^ ^<?D{ii[i: UT(* 
-'Wtm\ZL3. 6X1 0^-1 8X103#Of5|ST*fe5„ *fc. TttM<b*Qfa(?5^ 

3a>a*i:i-5 iridic, ^(o^t \^x\t~mm^5o o-e 5 o-c^^HT-fes, 
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±^(D^oiCH' (x) <Sr^465o ^:(^)H' (x) Ji. mi(Uffa(DmUt^ti^ 

^3. 6X10^-18X10^(7)^18, TSr5 0 0~6 5 Oc^^ffitrXftittJ:^ 
^b^-^. :6^o, t^^5';?7-;^?i$;6S2 7 OHV^$tL5§p;f«®;^^e,<o^$;iSo. 3 

Oig$;6S2 7 0HV£^±i:;fe^^#^H' (0. 3X10-^)^2 7 0 ^-^5^ 
i^TX\ H' (x) JiSH-x^®J:tc»,^5 5^*^^M*^Z^Ufc^'a'. H (x) 

shi^mf^m^mm^^h(Dm^^^H (x) <DM*^^^^i-;5w,b-c\ aM^p^pf^i 

j^i-So ^fc. iii-T5\ H (x) (^^*S^^*ifezi^l^j^jt)yb::i:ft> h' (x) iz-^ 

*tt5Cr [eq. ] , C [eq. ] -^S i ^^ft, M n ^« V^o fc:^;^$Pp°B 

?>mxh^„ 

?^mbo^3gjc*3VNT. ^(om^Mmmmt: 3. exio^-isxio^sg!?, ^ 
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mzmi\:^mmmxh^:dK s. ex i o^#. o^t)-^Fpg*«i:;^^si:, 
f>^x^fs:\,^m^i)^^?>„ m^t^mmmK i sx i o^#. -d^v) 5mm^ 

m^mti:}f(Dmj^.^^h. -mtmmtm^^o ^(oxotamm^mz. :^mt 

^tthiZ, ^fl^fh, C : 0. 3 5-0. 5%. S i : 0. 0 1~0. 3 M 
n : 0. 6-1. 8%, Cu : 0. 0 1-0. 5%. N i : 0. 01-0. 5%, 
Cr:0. 01-0. 5%, A1:0. 001-0. 01%, N:0. 005-0. 

0 2 5%t-^^^^j^jtmt^^m-^f\.xfi:^:it^mmt-^^„ 

e^^^^i:i-5;d5. :B.#:6<?t^(*. e (^^^^Jj:, mm%X9 0%^^±t^fL 
^^X\ F By.^(Dm.';^jhmXhhi!)K *-r. Ci>m^%X% 0. 3 5-0. 

\^-m^^ti}b(Om^t£iy(DXh^^ 0. 3 5%i^^±^:i-$-^5:ii:T% -eoD^:^^ 
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m(Dmm<Di&T^m<m'a-i^h^. ig^v^T. si7!imm%x\ o. oi~o. 

t-t^(D:d^^mmic^\,^Xi:iiti-mXh^o ^i^. Mn^mm%X\ 0. 6-1. 
15 *bV\ 

^^^31^ Cu. NiirtstC. mA%X\ 0. 0 1~0. 5%-^#$tb5o Cu. 
N i t>t;i;FWig61jJ^.e^M#i^ L-C. 0. 0 1 %e>^_L^>t$tL-5 t>cD-e$j:5^5^ M 

20 lHJa<^) = ^ hi^<l:'b;^jjS<^T\ ^ti^^^mno. 5%&.Tt^fl^o Cr 
;^)5«»%T% O. 0 1-0. 5%^^$tbSo C r 1t^^p"p(OF^^^FP*5j;tK^ 

0. 0 l%i^^J;i:-f5^iT% ^<D^^:^mmti:i^(D t-t?> :l ti)^X^ ^„ 

25 (om^t:mm<Dh<Dtx^ti:\,^m^t^h^o AiTi^o. ooi-o. 01% 
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0. 0 l%^Tii-5<7);JSM*bV\ N7!>m^%X\ 0. 00 5~0. 0 2 

-h-^^&^-^Sr ,i::6SJ:v^;05, o. o 2 5%^m^^ t^<D^J}^T!)m^^^(DX\ 0. 

^^m<DmUWait. «»%-e. Pb : O. 3 0%1^T. S : 

0. 2 0%i^XT. Ca : 0. 0 1%&.T. B i : 0. 3 0%&.T. Ti : 0. 0 
2%SlTs Zr : 0. 0 2%SXT. Mg : 0. 0 1 %Ur t ^itL?>m^7cm7b^^ti: 

f)^h?>(DX\ ^tL^'i^fi»%T^ Pbtio. 30%UT. sno. 20%^t. c 

afiO. Ol%&.r. BifiO. 3 0%iJj^T^-f-S<©;iSg*UV\ ^tc. Ti. Z 
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MS ^ ft t-f ^ jE^s ct 19 . t^ftij^-r 5 i /OSi^i^^ t $ tL ;5 m«§pp"p -e ^ 

S-<i:;5SpTtgi:$tLS2|s:|li5g<D^^Sf|jn,t-ig^L.yt^. ^<J5^ffitt^i§iV>t>03 ^-t- 
'5 r <!: ;5S-t?# 5„ 

HI 2 fi, 1^ 1 (7)11 n-ii \^'^\^x(ommUo 

terras: irofcJg^^mraElT'fe^o *fc. ^^T'f±|l!®_b, i-^y hgp 
i^^^lfPp^pl 1/5/ h^-b^i^T. =^fifeg|5^^siJtcMi£bfe^, -eti 
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tl^o -^tc, ff^mU3<D. ^^y:*-:^S!^30Sl 9 0-2 6 OHV. ^®gP2^3:*5V^ 

-C. ^n^mt^hm^ 5 0 urn i:L^Jt^V fzmmiiLmX(D If ^y^-p^ fM^tt 3 

4 6 0HV. $P>{c, fiy;&-:^S!^;dS2 7 OHVi:^tL5gp#^ffi436>e,oW^ 

umm4^^hm^:u\^^<Dm^^m^mm-t^^tx\ mm^^ai^^ mmm^^ 

*t?rs ;^#>^ie>L-^. "m%m\^f^i£(Dm^m\zxm'm\.fz.m. mm.<Dm 
mu^u(omm^'^io^xmm^-T.^noo ^(ommn-jKom^. mt^m\z^^^ 

lE^m^no. ^<D^^fmm(Dm,fi(omz. mmnffu\tmnt\^xm^fi^. ^ 
tz: mmMt^2msx±(Dm^^^^:^j:^tth\c, ttihJimmmm^ti^h 
(oit. ^ti^n<Dm^^^mmu^atM.fj:vx^ ±m(Dmm(DmtiKxmmi.rz.^^ 
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t^c ^LT. :L(Dmtiii}im(omm^i'¥xh^. f^mM.m. m^mmr^^, ^umm^ 

miiC7^-rit^m.m. mm%) (om^mm^u mmmmi^x. * 4 omm 

^nfj:^tco :z^xn. mtmmi^isi-f^^mmm^2mm (7. 2x1 o^^) , 
oi^xt^itmffpi^i2(Du^ff„{z^i.x&.T\z7^-rmm^n^j:^tio «i 

*C [eq. ] h^^^XT^VXh^. ^fzL^ rtVbCr [eq. ] *5j;t>*C [e 

q. ] (om^m^^^x. ±m\^ti^Qicifsif?>mm^H' (x) iz^n^. mmm 
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-y:^-:=^m:^:dt3 A o~4 6 OHV, jf^m^<Dif>y^-:!^m^i!>^ 1 9 0~2 6 OH 
^a(Dh(D izit-<Xi^m i: {£T Ufc t>(^ t 19 , «lFPa3S*;as+>5^j;i$|^-e# 

mmum. i^m^m) ^-^mmmp^ti.x\^^^7!)K ^(dm^x\ mmumm 
itm&8(Dh(Dn. p^mm(Dm^:bii9 0Hv^mt^y)^ mmummiu. 
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[eq. ] ^O. 7 2&s±t-r^(Di!>m^\^\,\ 

i^\^7i,t^Ai)mmShizit^X:^mtiS:rLtih(Dtti:\). ^) f^fttfmiEi4;dS+ 
r [eq. ] :d^C r (D-^^mi^i^mvx, I^JSd^pO t><^) J: t) v>fci?)tJ:. 
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T. Pb. S. Ca, Bi, Ti, ZTi3j:-UiME<D-m&.±f>mm.^t\^X^m 
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no. 2 0aS%e^T> CafiO. 0 1«»%OT. BifiO. 3 0a»%£JlT. 
TifiO. 02m»%J^^T. ZrJiO. 0 2S4%OT. MgfiO. 0 1^4%^^^ 
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t(D^m^th^\fy:f3—^m^(Dm.mn. 1 9 9HV^±2 5 2HVJ!^Ti^ 

±t&:^mmm(Di^^^y). :^^m7!>^fj:-i'^Mtti,iz. mm(Dnmm0.x^^ 
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it ^ ^ p 

-^^$^53 4 0-4 6 oHv. mt<omm:dmAyx-\^^fj:\^m-^m^^7^-rp^m 

§|J<Dt'5/;?7-;^?^$;asi 9 0~2 6 0HV. \i'>y:fy-^m^^^2 7 OHV 

2. m&%X\ -etV^'^i^nA^iCr [eq. ] tr. Cr [eq. ] =0. 4 
75XC+0. 164XSi+0. 241XMn + Cr. ^^^»C [eq. ] 
CCeq. ]=C + 0. 07XSi+0. 16XMn + 0. 19XCu + 0. 17 
XNi+0. 2XC r tmm\^r:it^. ^^^'tiCv [ e q . ] :iS 0 . 7 2%&.± 
1. 0%&.T. C Ceq. 2 ito. 6 5%&.±0. 8 6 ^ 5 i 9 

m±\c:fu>y hbfcit, ^<^:7"U5^ h^Jcj;t>#x.btL5?i!$^:flj:7-D:7 7^/i. 
H (x) ^S, MIBH-x2Jz®_hj;::j3v>T. TIB^® : 
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H'(x)=H'04-(H'l-H'0)X [l-erf(2;^g^] 
ffiU H'0 = C[eq. ]X254+33. 8 

H*l = CrCeq. ]X392+65. 8 

CrCeq. ]:fiufBi>^nA^a: 

C[eq. ]:itjt£^^^.»; 



R:8. 314; 

Q:=exp(-1. 47XSi-0. 918XMn+0. 998) 

S^®i^T. ^tL^^ttt^S. 6X10^--18X10^,T^ 
MfBH-x¥®-h{;iTH' (0. 3X10"^)^270(Z) 



3. F e(D^^m:b^9 0%&.±t^n^tfhi^. ^^^'tl^ C:0. 

5 3 5 ~ 0 . 5 Si : O . 0 1—0. 3 %. Mn : 0 . 6 ~ 1 . 8 %. C u : 0 . 
0 1 ~ 0 . 5 N i : 0 . 0 1 ~ 0 . 5 %. C r : 0 . 0 1-0. 5 A 1 : 
0. 001-0. 01%, N:0. 005-0. 0 2 5 % t i^tl^m^TumH)^^^ 
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4. mm%X\ ^fl^fi, Pb : 0. ZQ%^-r, S : 0. 2 0%1^T. Ca : 
0. 0 1%UT. B i : 0. 3 0%OT. T i : 0. 0 2 %J^T. Z r : 0. 0 

gP(Dt^5/:^-;^5J$j5S3 4 0-4 6 OHV, mt(Dmmfi^lSLA^X\-^fi:\,^nt-^m^ 

7. fi4%T% ^tt^*tL^nA^»Cr [eq. ] Cr [eq. ] =0. 4 

75XC+0.. 164XSi+0. 241 XMn + C i^^^»C [e q. ] ^ 
C[eq.]=C+0. 07XSi+0. 16XMn + 0. 19xCu + 0. 17 
XNi+0. 2XCr^^«bfci:#. ^tb^^tl^Cr Ceq. ] ;dSO. 7 2%]^±, 
1. 0%]^T. C [eq. ] ^iiSO. 6 5%eJLJlO. 8 6 %iiiTi: J^^S i 5 

^3. 6 X 1 0^-1 8 X 1 03#, O 0~6 5 0°C<b-t-5^{^i^T 
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